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ABSTRACT 

The lile cycle type of Grirnlelia lanceolaui Nutt, lias been described as biennial, short-lived mono- 
carpic perennial, and (polycarpic) perennial in the taxonomic literature. Plants of this species in 
middle Tennessee cedar glades clearly are monocarpic. However, field observations suggested that 
those I rom glades in northern Alabama arc at least dicarpic, and further that they differ morpho¬ 
logically and flower later than those in Tennessee glades. The purpose ol this study was to deter¬ 
mine it differences in morphology, 1 lowering phenology, and/or life cycle type ol Tennessee and Ala¬ 
bama plants are retained when grown from seeds in a 'common garden" - i.e., in a nonheated 
greenhouse in Lexington. Kentucky. Morphological difterences (all statistically significant) between 
G. hint coUilci plants from Tennessee and Alabama were measure in the following: (1) size ol both 
rosette and stem leaves; (2) number of secondary basal stems; (3) height of primary stem; (4) number 
ol capitula per plant; (5) number ol ray and ol disk flowers per capitulum; (6) diameter of capitulum; 
and (7) length of ray flower corolla . Tennessee plants began f lowering about 1 month earlier than 
Alabama plants, and none of them produced basal rosettes al ter they flowered once (in their 2 nd 
year), confirming that they are strictly monocarpic. Alabama plants also flowered first in their 2 nd 
year; however, 66% of them have produced basal rosettes (which bolted and f lowered) for five con¬ 
secutive growing seasons, confirming that they are polycarpic. Also, individual Tennessee plants 
potentially can produce twice as many seeds as individual Alabama plants during a single I lower¬ 
ing/I ruiting period. These results strongly suggest genetic differences exist in vegetative and floral 
morphology, flowering phenology, and life cycle type between Tennessee and Alabama plants of G. 
lanceolata. We speculate that thesedil ferences could be associated with dif ferent ancestral geographic 
origins: Tennessee plants from a monocarpic race in the Ozarks and Alabama plants from a peren¬ 
nial race in the Southwest. 


El tipo de ciclo de vida de Grindcha lanccolata Nutt, ha sido descrito. en la literature taxonomica, 
como bianual, como perenne monocarpico de vida corta y como perenne (policarpico). Las plantas 
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de csta especie presentes cn claros calcareos del area central de Tennessee son claramente 
monocarpicas. Sin cm bar go, observaciones de campo sugieren que aquellas de la zona none de Ala¬ 
bama son, al menos, dicarpicas; y mas alia, que dil ieren morlologicamente y que 1 lorecen mas tarde 
que aquellas clc los claros calcareos de Tennesssee. El proposito de este esi udio lue determinar si las 
dilerencias en morlologia, lenologia Moral y/o tipode ciclode vida de plantasde Tennessee y Ala¬ 
bama se mantienen cuando las plantas crecen a partir se semillas en un “jardin comun 1 - i.e., en un 
viverosin calelaccion en Lexington, Kentucky. Las dilerencias morfologicas Uodas estadisticamente 
signilicaiivas) entre plantas de G. lanceolatei de Tennessee y de Alabama incluyen: U) el tamano de 
ambas clases de hojas, de roseta y de t al los; (2) numero de tallos basales secundarios; (3) altura del 
tallo principal; (4) numero de capitulos por planta; (S) numero de Mores radiates y de disco por 
eapitulo; (0) diametro del capitulo; y (7) longitud de la corolla de las I lores radiales. Las plantas de 
Tennessee comcnzaron a Morecer aproximadamente 1 mes mas temprano que las plantas de Ala¬ 
bama y ninguna de el las produjo rosetas basales despues de haber I lorecido una vez (en su 2 du ano), 
coni innanclo que son monocarpicas estrictas. Las plantas de Alabama tambien 1 lorecieron en su 2 d " 
ano; sin embargo, 66% de el las siguio produciendo rosetas basales (que desarrollaron tallo y 
Morecieron) por cinco period os de crecimiemo, confirmando que son policarpicas. Ademas, cada 
mdividuo de Tennessee puede proclucir potencialmente el doble se semillas que los individuos de 
Alabama durante cada periodo de I loracion/lructilicacion. Los resultados sugieren claramente que 
hay dilerencias geneticas en la morfologia vegetativa y floral, la lenologia I loral, y los tipos de ciclo 
de vida entre plantasde G. lanceolata de Tennessee y de Alabama. Especulamos que cstas dilerencias 
pueden deberse a que estos dos grupos tengan diferentes origenes geogral ieos: las plantas de Tennes¬ 
see, de una raza monocar pica en los Ozarks; y las plantas de Alabama, de razas perennes del sudoeste. 


INTRODUCTION 



is an 



ows m 


open habitats on shallow soils underlain 
Baskin and Baskin 1979). Its geographical u 
M i sso u r i i 




Ci 


^erinark 1934,1937; 

rom the Ozarks of 


astern Oklahoma and north¬ 



ern and western Arkansas, i 



al Texas (Steyermark 


1934, 1999; Correll and Johnston 1970; GPFA 1986; Smith 1988; Nesom 1990). 
Nesom (1990) also reports the species from the Monterrey area in Nuevo Leon, 
Mexico. Disjunct populations occur in the Central Basin of Tennessee (Chester 
et al. 1997) and in northern Alabama (Small 1933; Harper 1944), where they are 
associated closely with open cedar glades (Baskin <Sr Baskin 1979,1996; Baskin 
et al. 1995). Grindelia lanceolata has been reported from Louisiana (Rydberg 
1932;Sma!l 1933); however, Gandhi and Thomas (1989) do not list the species in 
their recent treatment ot the Asteraceae of Louisiana. The species also has been 
reported from a single county in southeastern Ohio (Jones 1943; Fisher 
where, apparently, it has been introduced (Porter 1956). 

In his taxonomic treatment of Texas species of Grindelia , Nesom (1990) 
recognized three varieties of G. lanceolata: lanceolata, texana (Scheele)Shinners, 
and greenei (Steyermark) Nesom, the latter known only I rom Mexico. However, 
Correll and Johnston (1970) did not recognize any separate taxonomic entities 
and thus included only G. lanceolata in their treatment. Julian A. Steyermark 
listed two forms ol G. lanceolata in his Flora of Missouri (1999): lanceolata and 
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latifolia Steyerm., the latter known from only one county in Missouri. Small 
(1933), Fernald (1950), Gleason (1963), GPFA (1986), Gleason and Cronquist 
(1991), and Chester et al. (1997) do not recognize any intraspecific taxa in G. 
lanceolate t. 

With regard to life cycle type, G. lanceolata has been reported to be bien¬ 
nial (Rydberg 1932), short-lived monocarpic perennial (Baskin & Baskin 1979; 
GPFA 1986; Gleason & Cronquist 1991), and (presumably polycarpic) perennial 
(Small 1933;Correll andjohnston 1970; Enquist 1987; Nesom 1990). In theirstudy 
on the autecology and population biology of G. lanceolata in the limestone ce¬ 
dar glades ol the Central Basin of Tennessee, Baskin and Baskin (1979) found 
that plants were short-lived monocarpic perennials (i.e., plants lived for a few 
years before they bolted and flowered once,and then died). The youngest plants 
to I lower in the Baskins’ study were in their third growing season (2+ years old). 
Other plants in the study flowered in their fourth or lil th year; all plants died 
af ter I lowering once (i.e., monocarpic). 

However, during lield studies in the limestone cedar glades in northern 
Alabama, Baskin and Baskin (pers. obs.) noticed that Alabama plants of G. 
lanceolata dillered in morphology, flowering time, and life cycle type. In con¬ 
trast to plants in Tennessee, rosettes were present on those with dead flowering 
stalks in Alabama, suggesting that this species is at least dicarpic in the cedar 
glades of northern Alabama. The purpose ol this study was to determine il there 
are distinct measurable or observable differences in vegetative morphology, flo¬ 
ral morphology, f lowering phenology, and/or lile cycle type between G. 
lanceolata plants from Tennessee and Alabama cedar glades. To determine if 


differences in morphology and lile cycle type are genetically—or environmen¬ 
tally—based, both Tennessee and Alabama plants were grown (rom seed in a 
common environment, i.e., a common garden experiment. 


MATERIALS AND METHODS 


Growth Conditions 


All plants used in this study were grown from seeds in a nonheated greenhouse 
in Lexington, KY.Seeds were collected in autumn 1996 from G. lanceolata popu¬ 
lations growing in cedar glades in Tennessee and Alabama and sown (sepa¬ 
rately) on soil in metal 1 lats. The greenhouse soil mix was a 3:1 (v/v) mixture of 
limestone-derived topsoil and river sand. Following germination, juveniles were 
transplanted to 15-cm-diameter plastic pots in spring 1997 and assigned a num¬ 
ber. Morphological and life cycle features of 103 Alabama plants and of 88 Ten¬ 
nessee plants were monitored in this study; plants ol both groups were num¬ 
bered consecutively. 

Temperatures in the nonheated greenhouse were recorded continuously 
with an electric thermograph lor the duration of the five-year study period. 
From these recordings, mean daily maximum and minimum temperatures for 
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Fabi i I .Five-year rnean monthly maximum (± SE) and minimum (± 5E) temperatures (' C ) to wliich 
Grindelia lanceolate plants were exposed during the study. 


Month 

Maximum 


Minimum 


January 

6.95 

-4- 

1.4 

1.71 


0.38 

Februaiy 

10.95 


0.88 

4.00 

4- 

0.72 

March 

14.48 

-4- 

1.40 

5.65 

4- 

1.10 

Apiil 

21.92 

4- 

1.30 

11.81 


0.64 

May 

28.6 

4- 

0.77 

18.22 


0.79 

June 

30.62 


0.46 

20.9 

4- 

0.49 

July 

32.13 


1.20 

23.15 

4- 

0.85 

August 

31.68 


0.92 

22.05 


0.71 

September 

28.18 

4- 

0.95 

17.75 

4- 

0.99 

Oc to her 

20.05 

4- 

0.35 

12.6 

-h 

0.68 

November 

15.6 


1.10 

8.23 

4- 

1.00 

December 

8.5 

4- 

1.40 

3.03 

4- 

0.60 


each month for each of the five years were determined. These temperatures then 
were used to calculate mean maximum (± SE) and minimum (±SE) monthly 
temperatures CO for the study (Table 1). Average daily photosynthetic photon 
irradiance at plant level in the nonheated greenhouse, measured with a IJ-COR 
model El-1000 data logger and three LI-190-SA quantum sensors, ranged from 
6 mol m - d 1 on overcast days to 25 mol mcb 1 on clear days during the grow¬ 
ing season (March to October) (Snyder et al. 1994). 

Vegetative and Floral Morphology 

To determine il there aredif lerences in vegetative morphology, various leaf char¬ 
acters were compared between the two groups of plants. Length, width, oven- 
dry mass, and specific leaf area were determined for leaves collected Irom the 
rosette and f rom the lower-, middle-, and upper (just below the terminal ca- 
pitulum) portions of the main stem. One leaf each from these four regions of 
the shoot was removed and measured/weighed (or every plant in thestudy. Leaf 
length and width were measured to the nearest mm using a standard metric 
ruler. The width measurement was taken at the widest part of the leaf. Leaves 
were dried in an oven at 70°C for 24 hours, and their drv mass determined with 

J 

an analytical balance. 



values lor each leaf character were calculated 
for all plants in the study. Leaf prints were made using Diazo-type paper lor 
ammonia developing, and leaf area (one side ol leaf) wasdetermined by weight 


of pa per/area print 



area (SLA) was calculated using 


t he following equation: SLA = A| ea |/W| ca | where A| ea i is leal area (one side only) 
and W| ca | is leaf dry weight. SLA was determined for one leaf from each of the 
four shoot levels for each plant in the study, and then average values were cal¬ 
culated for leaves of each position. In addition, number of secondary basal stems 
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and height of each plant were determined and averages calculated. All means 
were compared by t-tests (P=0.05). 

Number of capitula for the main stem and for all secondary stems were 
counted and averages calculated for each plant in the study Floral measure¬ 
ments were made on 15 Tennessee plants and on 15 Alabama plants selected 
randomly using a random-numbers table. Number of ray and disk f lowers, 
length and width of ray flower corolla, and diameter were measured, to the near¬ 
est mm, for the terminal capitulum of the main stem of each of the 30 plants. 
The terminal capitulum is always the first to f lower on a plant. Capitulum di¬ 
ameter and corolla length and width were measured using a standard metric 
ruler and means calculated. All means were compared by t-tests (P=0.05). 

Flowering Phenology 

The terminal capitula of the main stems were monitored for flowering. The flow¬ 
ering period in this study extended from the beginning of flowering (indicated 
by the first anther of the first disk flower to shed pollen; ray flowers are pistil¬ 
late) in the first plant and ended with the beginning of flowering in the last 
plant. Beginning of pollen shed was determined by brushing a finger across the 
anthers and observing if clumps of the bright yellow pollen adhered to it. 

Seed Production Potential 

To assess the reproductive ef lort of G. lanceolata, potential number of seeds per 
individual plant was calculated. Potential number of seeds per individual for 
Alabama and for Tennessee plants was calculated as follows: Potential number 
of seeds produced per plant = (Avg. no. capitula per main stem x Avg. no. ray 
I lowers per capitulum) + (Avg. no. capitula per main stem x Avg. no. disk flow¬ 
ers per capitulum) + (Avg. no. capitula per secondary stem x Avg. no. secondary 
stems x Avg. no. ray f lowers per capitulum) + (Avg. no. capitula per secondary 
stem x Avg. no. secondary stems x Avg. no. disk I lowers per capitulum). 

RESULTS 

Vegetative and Floral Morphology 

Length, width, dry weight, and SLA of leaves from the rosette, and from the 
lower-, middle-, and upper portions of the main stem, differed significantly 
between Tennessee and Alabama plants of G. lanceolata (Table 2). Only rosette 
dry weight and length ol leaves on the lower portion of the stem were nonsig¬ 
nificant. In general, plants Irom Alabama had longer, wider, and heavier leaves, 
a higher SLA, and were taller than Tennessee plants. However, Tennessee plants 
produced significantly more secondary stems than Alabama plants (Table 2). 

Tennessee plants produced significantly more capitula per plant on both 
main stems and secondary, basal stems than did Alabama plants (Table 3). Av¬ 
erage number of capitula per main stem and per secondary stem was signifi¬ 
cantly higher for Tennessee plants. Alabama plants produced larger capitula 
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Tabu 2. Comparison (mean 


SE) of several vegetative and flora 


characteristics 



Unndelia lancvoluta plants from Tennessee and Alabama. An asterisk indicates means for a charac¬ 
ter are significantly different (t test, P 0.05), whereas NS indicates that they are not significantly 
different at this level. 


Character 


Tennessee 


Signif. Level 


Alabama 


Rosette Leaf 


Length (cm) 

8.6 


0.2 

4* 

7.3 

-F 

0.2 

Width (cm) 

0.7 


0.01 

h 

0.9 

-F 

0.02 

Weight (g) 

0.038 

± 

0.006 

N5 

0.045 

-F 

0.003 

SLA (env'/g) 

159.81 

-F 

1 1 

X 

21 1.37 

-F 

14 

Lower Leaf 

Length (cm) 

9.3 

-F 

0.1 

NS 

9.6 

-F 

0.2 

Width (cm) 

0.7 

-p 

0.2 

X 

1.2 

-F 

0.3 

Weight (g) 

0.039 

-F 

0.007 

• 

0.063 

*4" 

0.006 

SLA (cm /g) 

173.53 


15 

• 

200.97 

-F 

i 

/ 

f 

Middle Leaf 

Length (cm) 

7.8 

■+* 

0.2 

x- 

8.9 

-F 

0.2 

Width (cm) 

0.6 

-F 

0.01 

x* 

1.3 

-F 

0.02 

Weight (g) 

0.031 

+ 

0.005 

• 

0.070 

-F 

0.002 

SLA (cm ; /g) 

1 1 5.84 

A- 

7 

X 

147.46 

-F 

14 

Upper Leaf 

Length (cm) 

6.3 

-F 

0.1 

X 

7.0 

-F 

0.2 

Width (cm) 

0.5 

-F 

0.02 

x- 

1.0 

-F 

0.03 

Weight (g) 

0.0396 

-F 

0.002 

X 

0.057 


0.004 

SL A (env'/q) 

175.63 

H- 

r 

j 

x 

1 35.86 

-F 

10 

No. Secondary Stems 

3.1 

-F 

0.2 

X* 

1.4 

-F 

0.1 

Height (cm) 

55.39 

t 

0.2 

X- 

86.09 

± 

0.2 

Ray Flower Petals 

1 ength (cm) 

1.45 

F 

0.1 

X* 

2.05 

-F 

0.3 

Width (cm) 

0.33 

-F 

0.06 

NS 

0.30 

H- 

0.04 


(i.e., greater diameter) and more ray I lowers per capitulum than did Tennessee 
plants. Number ol disk I lowers, however, did not dilier significantly between 
the two groups. Ray I lowers I rom Alabama plants had longer petals than Ten¬ 
nessee plants, but there was nodil ference in petal width between the two groups. 

Flowering Phenology 

All plants from both groups bolted and I lowered in their second year. Flower¬ 


ing in Tennessee plants began on ljuly 1998, and all terminal flowers of main 
stems had I lowered by 5 August 1998 (Fig. 1). In contrast, I lowering in Alabama 
plants began and ended on 26July and 7 September, respectively. For both groups, 
capitula elsewhere on the main stem and on secondary stems continued to 
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Table 3. Comparison of number of capitula and of ray and disk flowers produced by G rindelia 
lanceolata plants from Tennessee and Alabama. All values are expressed as means (± SE) except for 
total number of capitula produced by all plants. An asterisk indicates means of each character are 
significantly different (t test, P - 0.05), whereas NS indicates that they are not significantly different 
at this level. 


Character 

Tennessee 

Signif. Level 

Alabama 

Total No. Capitula Produced 








Main Stem 

629 




408 



Secondary Stems 

271 




53 



No. Capitula Produced 








Main Stem 

7.3 

± 

3 

-X- 

4.0 


1 

Secondary Stems 

2.2 

± 

0.5 

* 

1.1 

± 

0.3 

No. Ray Flowers 

22 

± 

4 

X- 

31 

± 

3 

No. Disk Flowers 

203 

± 

34 

NS 

252 

± 

71 

Capitulum Diameter (cm) 

4.4 

± 

0.2 

X- 

5.7 

± 

0.5 


flower 1-2 weeks following the beginning of anthesisof the last terminal main 
stem capitulum. 

After completion of 1 lowering, all Tennessee plants (n=88) died; not a single 
one produced a new basal rosette. However, many Alabama plants continued 
to produce new rosettes and to bolt and I lower over the course of the live-year 
study period (Figs. 1, 2). One-hundred and three Alabama plants bolted and 
flowered in 1998, 78 in 1999, 74 in 2000, 73 in 2001, and 68 in 2002 (Fig. 2). 
Flowering period duration was 43 days in 1998, 48 in 1999, 43 in 2000, 39 in 
2001, and 44 in 2002 (Fig. 1). Length of 1 lowering period in 1998 was 36 days lor 
Tennessee plants (Fig. I). Flowering (both terminal and all other capitula) for 
both groups had been completed by mid-September. 

Seed Production Potential 

An individual Tennessee plant had the potential to produce an average of 3,128 
seeds, while a single Alabama plant had the potential to produce only 1,668 seeds. 


DISCUSSION 


Observations by Baskin and Baskin that Alabama G. lanceolata plants appeared 
to be distinct in morphology, f lowering time, and lile cycle type from those in 
Tennessee were supported by the results ol this study. Alabama plants are taller 
and have larger leaves than Tennessee plants. One ol the more striking differ¬ 
ences between the two groups is the number ol secondary basal stems. Tennes¬ 
see plants produce more than two times as many secondary basal stems as do 
Alabama plants, giving them a suffrutescent-like appearance. Indeed, Tennessee 
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Fig. 2. Fate of 103 Alabama Grindelia lanceolata plants grown from seed in a non-heated greenhouse. All plants that 
produced rosettes in 1998 were in their second year of growth. 
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Number o 



?r plant produced during a single reproductive event 

ants (Tcn- 


wasconsiderably higher in the monoearpic perennk 



nessee)than in the polyearpic plants (Alabama 



sbury (1942) reported that 


biennials in Great Britain produced an average ol more than four times as many 
seedsasdid polyearpic perennials. Dully et al.(1999)predicted that monoearpic 
species should maximize the number ot meristems (i.e., branches) devoted to 
reproduction, which would allocate as many reserves as possible to reproduc¬ 
tive el fort since there is only one reproductive event. Con vet 
that polyearpic perennials should maximize the number of growth meristems 



(but not reproductive ones) since there is a fitness premium on longevity and 
competitive ability. Tennessee plants produced 2.2 times as many secondary 
basal stems, all ol which I lowered, as did Alabama plants. As a result, Tennes¬ 
see plants produced, on average, significantly more capitula and had the po¬ 
tential to produce almost twice as many seeds as did Alabama plants. Thus, 
Tennessee plants obviously devoted more energy to reproductive meristems 
than did Alabama plants, which devoted more energy to growth in height and 
perennation. Whereas all Tennessee plants died al ter I lowering once, the ma¬ 
jority ol Alabama plants continued to I lower each year tor several years. By pro¬ 
ducing fewer I lowers, Alabama plants have reserve energy for production ol new 
rosettes (i.e., perennation), which also should be considered growth meristems. 
Thus, there is a tradeoll between number of seeds produced per reproductive 
event and lilespan ol an individual. 

A very interestingdil lerence between Tennessee and Alabama plants is lile 
cycle type. In the nonheated greenhouse, both Tennessee and Alabama plants 
bolted and I lowered in their second year. However, whereas all 88 Tennessee 


plants died after they reproduced once, only 13 of 103 Alabama plants did so. 
Thus, 100% ol the Tennessee plants, but only 13% ol the Alabama plants, be¬ 
haved as biennials. Another 12%of the Alabama plants were dicarpic, 12% were 
tricarpic, and 1% tetracarpic, dying af ter their third, lourth, and fifth years, re¬ 
spectively. Sixty-six percent of the original 103 Alabama plants have I lowered 
in their second, third, lourth, lil th, and sixth years, and it is expected that most 
ol them could survive and I lower for the next several growing seasons. 


Apparently, dil ferences in morphology, I lowering time, and lile cycle type 
between Tennessee and Alabama plants are genetically-based, since they were 
maintained in plants grown I mm seeds in a common environment. However, 
the advantage, il any, lor (1. lanccohua behaving as a short-lived monoearpic 
perennial in Tennessee glades, and ol it behaving as a polyearpic perennial in 
the cedar glades in northern Alabama, is not known. Floristically and 
vegetationally, cedar glades ol northern Alabama are very similar to those in 
central Tennessee (Baskin et al. 1995; Baskin & Baskin 1999, in press). Further, 
soils in both areas are limestone-derived, and climatic dil I c fences are minimal; 















ADAMS ET AL., A COMMON GARDEN STUDY OF GRINDELIA LANCEOIATA 


1069 


both areas are within Koppens Cfa climate type (i.e., mild temperate rainy cli¬ 
mate without a distinct dry season, and with a hot summer) (Ackerman 1941). 
Soil moisture and microclimate in cedar glades cause stress in plants in Ten¬ 
nessee glades (Baskin & Baskin 1999), and one would expect the same condi¬ 
tions in glades in Alabama. Thus, there are no apparent physical or biotic dif- 
erences between Tennessee and Alabama glades that would seem to favor a 
monocarpic life cycle in one area and polycarpic lite cycle in the other. A recip¬ 
rocal transplant study would help to determine if, in fact, plants are subjected 
to dil ferent sets of selective factors on I ile history in the two areas, one lavoring 
monocarpy and the other polycarpy. 

In termsol rand K life history strategy (e.g., Pianka 1970),data collected in 
this study indicate that Tennessee plants are more r-selected than are Alabama 
plants, which are somewhat further along the r-K continuum to being K-se- 
lected. Thus, compared to Alabama plants, Tennessee plants are monocarpic, 
short-lived, smaller in stature, and much more productive in terms ol numbers 
of seeds per reproductive event. 

Could differences in geographic origin of Tennessee and Alabama plants 
account for the differences between them? Plants in Alabama glades could be 
disjunct from ancestor populations in southwestern United States, specif ically 
in Texas. Texas floras (Corrcll <SrJohnston 1970; Enquist 1987; Nesom 1990) con¬ 
sistently describe the species as a (presumably polycarpic) perennial. This ge¬ 
netic race may have spread from Texas into Alabama, and the two groups be¬ 
came separated through geologic time. On the other hand, it seems likely that 
plants in the middle Tennessee cedar glades are disjunct from short-lived mono¬ 
carpic or biennial races (Rydberg 19)2; Wetter 1986; Gleason &r Cronquist 1991) 
in the Ozark Region. Several other species, e.g., Evolvulus nuttallianus R. and S., 
Oenothera macmcarpa Nutt.subsp. macrocarpa,Onosmodium molle Michx. var. 
suhsetosuni (Mack. & Bush) Cronquist, and Solidagogattingeri Chapin, are dis¬ 
junct between the limestone glades of Missouri and those in Tennessee, and none 
of these occurs in Alabama glades (Baskin & Baskin 1986; Bridges CrOrzell 1986; 
Baskin et al. 1995; Baskin &r Baskin in press). 
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